Fatty acid composition of triacylglycerols (TAG) and polar lipids (PL) of seston from the Siberian Reservoir Bugach was analyzed to reveal the spectra of nutrition of micro-and mesozooplankton (protozoa and rotifers). The seasonal changes of micro-and mesozooplankton nutrition were observed. Bacteria comprised relatively constant part in feeding protozoa and rotifers during the whole vegetation season. The maximum consumption of higher plants detritus occurred at the beginning of August. Phytoplankton was consumed more intensively in spring during the rapid growth of diatoms (Stephanodiscus sp.) and from the middle to the end of June when cyanobacteria (Anabaena flos-aquae, Aphanizomenon flos-aquae, Planktothrix agardhii), dynophytes (Peridinium sp.) euglenas (Euglena
Introduction
Nutrition of small-size consumers inhabited freshwater ecosystems (micro-and mesozooplankton) is almost unknown, while these organisms are one of the most important components of trophic webs in various reservoirs.
Micro-and mesozooplankton takes a vital part in processes of mass and energy transfer. As a rule, nutrition of aquatic animals is studied by visual microscopic analysis of their gut contents (Gutelmakher, 1986; DeMott, 1986 DeMott, , 1995 Bern, 1990) . As a result, number of authors has proved specific ingestion of food particles by some rotifer and small crustacean species (DeMott, 1986 (DeMott, , 1995 . However, the visual gut content analysis does not allow to estimate real assimilation of organic matter (Porter, 1975) . The most researches on micro-and mesozooplankton nutrition were indirect (Ooms-wilms et al., 1999; Scherwass et al., 2005; Vrede and Vrede, 2005) or concerned only the process of food swallowing rather then assimilation (Thouvenot, et al., 1999) . The last years, different chemical makers appeared to be of use in studies of nutrition of microzooplankton. However, this method has shortcomings: shortterm observation and impossibility to apply the method for field populations.
Along with the mentioned methods, biochemical analysis of fatty acid (FA) composition is widely used at present which allows to trace trophic interactions between hydrobionts and to reveal food assimilation (Claustre et al., 1988 (Claustre et al., /1989 Ederington et al., 1995; Gladyshev et al., 1999; Sushchik et al., 2003b) . The significance of FA as markers of particular groups of hydrobionts is resulted from the wellknown taxonomic peculiarities of FA
composition. An important aspect of fatty acids as trophic markers is that the fatty acid composition of an animal represents the time-integrated dietary intake (Napolitano, 1999) .
Total FA composition of seston is formed
by FA of all of its components: bacterioplankton, phytoplankton, zooplankton and detritus organic matter. FA composition of the major lipid classes, namely triacylglycerols and polar lipids, allows to reveal specific groups of organisms and trophic interactions in ecosystems. All hydrobionts contain PL, which fatty acid composition is formed mostly by de novo biosynthesis (Napolitano and Ackman, 1989) . Phospholipids (the main polar lipids in organisms), which have the highest content of PUFA, are primarily structural and fundamentally important for transport across membranes and enzymatic reactions in the cell.
The composition of phospholipids is subjected to some, but not complete, genetic control by the fact that the enzymes that form phospholipids select for polyunsaturated fatty acids (Olsen, 1999) . As a result, fatty acid profile of PL varied little between the starvation and feeding periods of a copepod, while the fatty acids in its storage lipids reflected those of food sources (Bourdier and Amblard, 1989) . In general, the zooplankton TAG characterized by dominance of dietary fatty acids (Olsen, 1999) and closely relates relates its food composition (Desvilettes et al., 1997) .
Bacteria and cyanobacteria don't contain TAG (Shaw, 1974; Desvilettes et al., 1997) .
Many species of plankton algae store energy as carbohydrates (Olsen, 1999) . Microalgae can only synthesize a significant portion of TAG in unfavorable conditions (Cobelas, Lechado, 1989; Brown et al., 1996; Olsen, 1999; Tonon et al., 2002) .
Intensive accumulation of TAG is typical for animals, therefore the main part of TAG of lower size seston is likely contained in biomass of microand mesozooplankton, i.e., protozoa, rotifers and small crustaceans. Thus, it is very perspective to use TAG FA composition of natural seston for estimation of the sources of assimilated food of the small-size hydrobionts.
In this study, fatty acid composition of TAG and PL of the seston from an eutrophic reservoir was studied to determine the main food sources and seasonal changes in nutrition spectra of species of rotifers and ciliates from an eutrophic reservoir.
Investigated Area, Materials and Methods
Bugach Reservoir is situated near Krasnoyarsk (Siberia, Russia, 56°05'N, 92°40'E) in a steppe and was formed by damming the Bugach River. Its surface area is 0.32 km 2 and maximum depth is seven meters. The Reservoir was sampled weekly from May to September 2001 from a site near the middle. Samples were taken with an 8-L sampler and were pooled from depths 1-3 m. Detailed description of the Reservoir is given elsewhere (Gladyshev et al., 2001; Makhutova et al., 2003; Suschik et al., 2003a Suschik et al., , 2004 .
To determine the total number of bacteria, 1 mL of each sample was preserved with ethanol (10% final concentration). Cells were immediately stained with fluorescamine (Sigma, USA) and collected onto 0.2-μm poresized membrane filter (Chimifil, Estonia) prestained with Sudan Black B (Chemapol, Czechoslovakia) ethanol solution.
Counts were carried out using epifluorescence microscopy.
Phytoplankton samples of 0.1 L volume were filtered through 'Vladipor' filters (Mytischi, Russia) (pore size, 0.75-0.85 μm). Microalgae were counted and identified under a microscope.
To calculate biovolume and wet biomass of algae, they were equated to appropriate geometrical shapes and relevant sizes were measured using an ocular micrometer (LOMO, Russia).
Zooplankton samples of 33.6 L volume were filtered through the 0.08-mm plankton net.
Then, the samples were fixed with 10% formalin.
Zooplankton were counted and measured under a microscope. Length was converted to wet weight using conventional species coefficients (Balushkina and Vinberg, 1979) .
Ciliates were counted both alive and fixed with Lugol's solution (1% final concentration).
The For counting alive individuals a sample of Lipids were extracted by homogenizing of the samples of seston in chloroform/methanol mixture (2:1, v/v) and the residues were allowed to precipitate while the extracts were cooled (Bligh and Dyer, 1959) . Then the extracts were dried by passing through anhydrous Na 2 SO 4 and roto-evaporated at 35°C. A part of the lipid extract was subjected to acidic methanolysis as described previously (Gladyshev et al., 2000) . solution of 0.5 mg/ ml were added. After solvent evaporation, the acidic methanolysis was carried out to prepare fatty acid methyl esters (FAME) of the FA of these two lipid classes. Further fatty acid analysis is described in detail elsewhere (Gladyshev et al., 2000 isothermally. Other instrumental conditions were as described elsewhere (Gladyshev et al., 2000) .
Peaks of FAMEs were identified by their mass spectra similar to those in the database (HewlettPackard) and to those of available authentic standards (Sigma, St Louis, MI, USA.). Detailed de-scriptions of determination of position of double bonds in fatty acids are given elsewhere (Sushchik et al., 2003b (Sushchik et al., , 2004 .
Statistical analyses, correspondence analysis (CA), canonical correlation analysis
(CCA) and correlation analysis were carried out conventionally (Jeffers, 1981) using STATISTICA software, version 6.0 (StatSoft Inc., Tulsa, OK, USA).
Results
The dynamics of the major plankton groups comprising seston (bacterioplankton, phytoplankton, protozoans, rotifers, and small crustaceans)
are shown in Fig To define specific FA-markers of individual species of phytoplankton we carried out the canonical correspondence analysis. The percentage of supposed FA-markers of algae (in PL of seston) on dates when some phytoplankton species were strongly dominant (more then 50%) was represented in a two-dimensional space (Fig. 4) . The (Fig. 6, 7) . The fourth group was in PL appeared in seston at the end of July and in TAG -at the end of August (Fig. 7) .
To reveal relation between FA groups of TAG on the one hand and particular species and groups of rotifers and ciliates on the other hand, the multivariate statistical analysis -CCA, was used. However, the results of the analysis were not statistically significant. To determine spectra of nutrition of particular dominant species of micro-and mesozooplankton we carried out the canonical analysis of correspondence. We used in the analysis only those sampling dates when any species of rotifers or ciliates were strongly dominant, i.e. was represented in a two-dimensional space (Fig. 8) . The fatty acids, which are markers for mentioned taxa, were chosen on basis of literature and our data (Erwin, 1973; Shaw, 1974; Claustre et al., 1988 Claustre et al., /1989 Ahlgren et al., 1992; Parrish et al., 1992; Cohen et al., 1995; Desvilettes et al., 1997; Leveille et al., 1997; Napolitano, 1999; Navarrete et al., 2000; Shin et al., 2000) . In some Reservoir (Sushchik et al., 2003a (Sushchik et al., , 2004 , hence, they were used as markers of cyanobacteria here.
The first dimension explained 53% of inertia We carried out the correlation analysis between fatty acids of PL and the same fatty acids of TAG. High coefficients of correlation were found for the acids which are not precursors for other FA in animal's tissues (iso-and anteiso fatty acids, ω4, ω1, and long chain saturated FA) (Table 2 ). These acids were included in TAG in its original form and were not desaturated further.
When FA in PL and FA in TAG were correlated with a week shift, no any statistical significant correlation was revealed (Table 2) . This was likely due to relatively high rate of metabolic processes in small organisms of rotifers and ciliates.
Moreover, if changes in spectra of nutrition of animals were very quick, week might be too long period for revealing relationship between fatty acid composition of TAG in the animals аnd their potential food sources.
Discussion
As known, in eutrophic reservoirs where phytoplankton biomass is >> 0.8 mg/L, the major part of organic matter of seston is provided by phytoplankton (Hessen et al., 2003; Gladyshev et al., 2007) . Consequently, most FA of polar lipids originate from phytoplankton. The main part of FA whish are markers of different alga taxa were joined into one large group in the correlation graph for PL. Perhaps, this resulted from the fact that different alga taxa with different fatty acid markers coexisted together in the plankton community at the same time (Table 1) . FA markers of Bacillariophyta and bacteria combined into one group because diatoms and bacteria had similar seasonal dynamics of biomass. Besides phytoplankton and bacteria, there were FA markers of aquatic higher plants and allochthonous organic matter (i.e., terrestrial higher plants) in PL.
We suppose that there were three groups of bacterioplankton which were the sources of 18:1ω7 and ai17:0 and bacterial fatty acids of group 3 in the correlation graph for TAG. To reveal sources of bacterial fatty acids we compared seasonal dynamics of 18:1ω7, ai17:0 and bacterial fatty acids of group 3 and of uncultivated (natural) bacterioplankton (Trusova and Gladyshev, 2005) .
The source of 18:1ω7 was likely the clone sp 34, the sources of bacterial fatty acids of group 3 might be the clones sp 24, 31, 32, 35, 36 and 39.
The sources of ai17:0 were not detected among presented clones.
The canonical correspondence analysis allows us to define FA -markers of particular algae species. We found that typical FA-markers for
Stephanodiscus sp. population in Bugach Reservoir were 14:0, 16:2ω4, 16:3ω4 and 16:4ω1 and for (Claustre et al., 1988 (Claustre et al., /1989 Parrish et al., 1992; Leveille et al., 1997; Shin et al., 2000) . These two acids separated from diatom FA-markers and were close to the second group of algae (P. agardhii 30.05.2001 and 26.09.2001 and T. volvocina 12.09.2001) (Fig. 7) . The analysis of seasonal dynamics of FA marker groups in TAG and PL is described in detail elsewhere (Makhutova et al., 2004) .
It should be noted that fatty acid 22:6ω3 was included in group 2 in PL. Meanwhile, seasonal dynamics of this acid in TAG differed from other fatty acids. As known, the main source of 22:6ω3 in freshwaters is dynophytes (Ahlgren et al., 1992 (Ahlgren et al., , 1997 Desvilettes et al., 1997 August to the end of vegetation season (Fig. 7) .
It is interesting that FA of TAG and FA of PL in correlating graphs formed different groups (Fig. 2, 6 ). These differences may due to of several probable reasons. Firstly, they may be attributed Secondly, these differences may also result from temporal succession of dominant species of microand mesozooplankton with different spectrum of nutrition.
Evidently, there might be the selectively feeding species of micro-and mesozooplankton which observed in water column only for limited periods and those inhabited the water column for a longer time. The dominant species of microand mesozooplankton changed each other during the studied period in Bugach Reservoir (Fig. 5) .
Besides, the seasonal dynamics of FA of TAG ( Reservoir are known as predators (Krylov, 1989 , Lazareva, 2004 . We suppose that these rotifers could consume some species of microzooplankton which fed on bacteria, cyanobacteria and detritus.
Similar phenomenon of FA transfer from bacteria to ciliates and further to predatory copepods has been previously described (Ederington et al., 1995) . Unfortunately, we failed to determine the exact spectrum of nutrition of Asplanchna spp.
using FA-markers.
Conclusions
Fatty acid-markers of dominant species of algae from Bugach Reservoir were specified. The 
